Abstract A 23-year-old female presented with pain in the left hip. Radiological examination showed developmental dysplasia of the hip (DDH) combined with acetabular retroversion and posterior wall deficiency. Findings in the physical examination were coincident with femoroacetabular impingement. At surgery, we performed curved periacetabular osteotomy concomitant with arthroscopic labral repair and osteochondroplasty, simultaneously addressing dysplastic acetabulum and femoroacetabular impingement. The final follow-up examination at 18 months showed satisfactory outcome with the D'Aubigne and Postel hip score of 17/18. In addition to accurate diagnosis, the arthroscopic procedure for associated intra-and periarticular problems seems to help improve the surgical outcome of periacetabular osteotomy performed for patients with DDH. Level of evidence IV.
Introduction
In patients with developmental dysplasia of the hip (DDH), increase in articular stress due to the reduction in contact area leads to gradual osteoarthritic progression with age. In order to prevent this vicious sequel, various forms of periacetabular osteotomy have been reported in the literature. Ganz et al. [4] proposed the Bernese periacetabular osteotomy in 1998. In 2005, Naito et al. [15] reported 'curved periacetabular osteotomy (CPO)' as a modification of the Bernese osteotomy. Based on the theoretical advantage of CPO over other osteotomies and the favourable outcomes reported in the literature such as low complication rate [15] , the authors have adopted this procedure as a primary surgical option for patients with DDH.
As another factor leading to secondary hip osteoarthritis, the significance of acetabular retroversion associated with femoroacetabular impingement (FAI) has been addressed in recent years [2, 9, 19, 22] . Clinically, acetabular retroversion leads to limited hip flexion and internal rotation caused by impingement of the anterosuperior aspect of the femoral head-neck junction against the acetabular rim. Repetitive stress applied to the anterior edge of the acetabulum by the impingement gives rise to tear and subsequent degenerative changes of the labrum. The resultant labral injuries further add to the sequential process of osteoarthritic progression [5, 9] . With the recent progress in hip arthroscopy and development of arthroscopic management of labral tear, an increasing number of studies dealing with this subject have been reported in the literature [11, 17, 18, 20] .
The aforementioned two factors for secondary osteoarthritis (DDH and FAI) can be simultaneously identified in one hip. Moreover, it has been shown that the incidence of FAI is higher in patients with DDH than in the normal population [1] [2] [3] . In patients with combined DDH and FAI, either osteotomy or arthroscopic labral procedure alone has been reported to result in a less optimal outcome [6, 13, 16] . With the intent of addressing both problems, the Hyogo College of Medicine current treatment option for patients complicated with these combined pathologies is an arthroscopic labral repair concomitant with CPO. In this preliminary report, the surgical procedure, intraoperative
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Case report
A 23-year-old female presented with a 1-year history of pain in the left hip. The pain was located in the groin region and her symptom had gradually increased. At her initial visit, a physical examination of the hip revealed limited range of motion, particularly in flexion and internal rotation. Additionally, the anterior impingement test was positive with pain induced on flexion combined with internal rotation. The routine radiological examination (anterior-posterior radiograph) showed findings of DDH with a Sharp angle and centre-edge (CE) angle of 50°and 7°, respectively. The crossover sign and posterior wall sign were identified by radiography and computed tomography indicating the presence of acetabular retroversion ( Fig. 1) . Based on the clinical and radiological findings, a diagnosis of DDH combined with acetabular retroversion was made for this patient. Considering the persistent nature of pain and disability for the preceding year, surgical intervention was indicated.
At surgery, hip arthroscopy was performed prior to CPO. The surgical set-up for hip arthroscopy followed the technique reported by Philippon et al. [18] . Under general anaesthesia, the patient was positioned supine on the fracture table that allowed independent lower extremity traction. Two portals (lateral and anterolateral) were established for the scope and the instruments. The arthroscopic examination revealed a full thickness labral tear at the anterior-superior region (Fig. 2) . A labral tear was identified at the anterosuperior edge of the acetabulum, and the tear was fixed back to the rim using two suture anchors (Fig. 3) . Additionally, a motorized burr and shaver were used to remove the osteochondral surface and synovium at and around the head-neck junction to avoid impingement on the repaired site. Subsequently, CPO was carried out following the technique described by Naito et al. [15] with the patient repositioned on the operative table in supine position. Three poly-L-lactic acid screws were used to fix the reoriented acetabular fragment, while two doublethreaded metal screws were used for the fixation of the osteotomized anterior superior iliac supine. The postoperative radiograph showed improved acetabular coverage of the femoral head with a resultant Sharp angle of 36°a nd CE angle of 50°, while the crossover sign as well as the posterior wall sign was no longer evident (Fig. 4) . Postoperatively, passive motion of the operative hip was initiated on the first post-operative day. Weight-bearing was not allowed for 2 weeks. Thereafter, partial weight-bearing began with progression to full weight-bearing at 8 weeks.
Healing of the osteotomy site and functional recovery were accomplished uneventfully during the subsequent period. Six months after the surgery, the patient returned to her original job as a nurse without left hip pain. The D'Aubigne and Postel hip score improved from 10/18 preoperatively to 17/18 at the 18-month follow-up.
The Review Board of the Hyogo College of Medicine approved this study (No. 1215), and the appropriate written informed consent was obtained from the patient.
Discussion
The most important finding of the present report was the clinical efficacy of the concomitant arthroscopic labral FAI has been proposed as a condition that gives rise to excessive contact stress between the acetabular rim and the femoral head-neck junction potentially leading to osteoarthritis [5, 12] . Repetitive impingement occurring at the anterior rim of the acetabulum causes tear and degeneration of the labrum, and retroversion of the acetabulum is thought to be the principal anatomic characteristic observed in this type of impingement [9, 19] .
The prevalence of acetabular retroversion in the normal population as well as patients with hip disorders has been investigated [1] [2] [3] . Fujii et al. [3] reported acetabular retroversion in 17 of the 96 hips (18 %) of patients with DDH. Also, Ezoe et al. [1] reported the prevalence in 18 % (13 of 74 hips) of DDH patients as compared to 6 % (7 of 112 hips) in normal subjects. These reported results show that the incidence of acetabular retroversion is higher in the DDH population. The patient in this case report exhibited radiographic features indicating deficiency of the lateral coverage of the femoral head. In addition, crossover as well as posterior wall sign was evident indicating an accompanied acetabular retroversion.
Regarding the surgical treatment for DDH, various forms of periacetabular osteotomy have been proposed and reported with their surgical outcome [7, 15] . Although these procedures can effectively improve lateral coverage of the femoral head, inadvertent post-operative acetabular retroversion has also been reported [10, 14, 21] . Myers et al. [14] reported five cases presenting anterior FAI caused by acetabular retroversion following the Bernese periacetabular osteotomy. Xie et al. [21] evaluated the acetabular version after CPO and showed that post-operative retroversion was identified in 62 % of their patient population, while Kiyama et al. [10] reported that 5 of 24 hips (24 %) with acetabular retroversion following CPO were complicated with post-operative progression of osteoarthritis. These reports indicate the significance of addressing FAI in the planning and performing of periacetabular osteotomy for patients with DDH.
Hip arthroscopy offers a minimally invasive technique for diagnosis as well as therapeutic management of FAI [11, 17, 18, 20] . In regard to the arthroscopic management, it has been reported that an arthroscopic labral procedure alone could not benefit the patients with the evidence of abnormal hip morphologies [6, 13, 16] . Kim et al. [8] reported that labral lesions were detected at arthroscopy in 88.4 % of the patients who underwent periacetabular rotational osteotomy. They performed arthroscopic shaving or debridement for those lesions and concluded that the concomitant arthroscopic treatment for intra-articular pathology during periacetabular osteotomy may improve the functional and radiological outcome. In their report, however, labrum repair was not attempted. Recently, there have been some comparative clinical studies showing that labral repair provides superior results as compared to labral resection or debridement [11, 17, 20] . However, there have been no published reports of arthroscopic labral repair concomitantly performed with periacetabular rotational osteotomy in patients with DDH. This is the first report of arthroscopic labral repair in conjunction with periacetabular rotational osteotomy for a patient with DDH, achieving a satisfactory short-term outcome. However, a long-term follow-up study including a large number of patients would be required to critically assess the efficacy of our treatment approach. Fig. 3 The labrum was fixed back to the acetabulum using two suture anchors. After the labrum repair, osteochondroplasty of the femoral head was performed to prevent anterior impingement Fig. 4 The post-operative anterior-posterior radiograph showed improved acetabular coverage with disappearance of the crossover sign
Conclusion
Arthroscopic labral repair concomitant with CPO was performed in a patient with DDH and an associated labral tear. The post-operative course was uneventful and the patient returned to her original job as a nurse 6 months after surgery without pain. Labral tear secondary to FAI combined with acetabular retroversion is known to be a risk factor for osteoarthritic progression, while the incidence of retroversion is higher in patients with DDH. Therefore, arthroscopic management for FAI in conjunction with periacetabular osteotomy for this patient population as reported in this article is theoretically advantageous for maximizing the surgical benefit.
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